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Abstract: Eight known compounds isolated from the roots of Syzygium cumini were evaluated for their ability to enhance 
the glucose consumption in insulin-resistant L6 muscle cells induced by high concentration-insulin and glucose . All of com- 
pounds significantly enhanced the glucose consumption of insulin- resistant cells in the presence and absence of insulin . The 
glucose consumption was increased 17.35% and 51.11% by compound 1 (friedelin) at a concentration of 10 ug ml. ' 
without insulin and by compound 8 (5, 7, 3 , 4 , 5 -pentahydroxyflavone) at a concentration of 0. 1u g ml ' with insulin, 
respectively . 
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1.3 (1l 0 

OOO 0), 0000, CoHsO, ESMS ( n®z): 427 
[M+ H]*' H-NMR; (500 MHz, CDCl, ) 6, : 0.72 (3H, s, H 
-24), 0.87 (3H, d, J=7.0Hz, H-23), 0.95 (3H, s, H- 
25), 1.00 (3H, s, H- 26), 1.01 (3H, s, H- 29), 1.05 
(3H, s, H-27), 1.18 (3H, s, H-30), 1.25 (3H, s, H- 
28)[] " C-NMR (125 MHz, CDCl )6c: 41.2 (C- 1) , 41.4 (C 
-2), 213.2 (0-35), 59.4 (C-4) , 42.1 (C -5), 35:5 (C - 
6), 30.5 (C- 7), 53.0 (C- 8), 37.4 (C- 9), 58.1 (C- 10), 
32.3 (C- 11), 36.0 (C- 12) , 38.2 (C- 13), 39.6 (C- 14), 
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31.7 (C- 15), 32.7 (C-16), 30.0 (C- 17), 42.7 (C- 18), 
39.2 (C- 19), 28.1 (C-20), 34.9 (C-21), 35.2 (C- 22), 
6.7 (C-23), 22.3 (C-24) , 14.6 (C-25) , 17.8 (C- 26), 
18.1 (C-27), 20.3 (C-28) , 32.0 (C-29), 18.6 (C-30)[] 

Epifriedelanol (2), 0 0 O0 O , €» Hs: O, ESIMS ( f 
z): 429 [M+ H] H-NMR; (400 MHz, CDCh ) 64: 0.72 
(3H, s, H-24), 0.87 (3H, d, J =7.0 Hz, H -23), 0.95 
(3H, s, H-25), 1.00 (3H, s, H -26), 1.01 (3H, s, H- 
29), 1.05 (3H, s, H- 27), 1.18 (3H, s, H - 30), 1.25 
(3H, s, H-28), 3.75 (1H, brd, J22.0 Hz, H-3)[] °C 
NMR (100 MHz, CDC} ) 6c : 41.2 (C- 1), 41.4 (C - 2), 
72.7 (C-3), 49.1 (C-4) , 42.1 (€ 75); 35.5 (0-6), 30:5 
(C-7), 53.1 (C-8), 37.4 (C-9), 61.2 (C-10), 32.3 (C 
-11), 36.0 (C- 12), 38.2 (C- 13) , 39.6 (C- 14) , 31.7 (C 
-15), 32.7 (C- 16), 30.0 (C- 17) , 42.7 (C-18) , 39.2 (C 
-19), 28.2 (C- 20), 34.9 (C-21), 35.2 (C-22) , 11.6 (C 
-23), 16.3 (C- 24) , 18.2 (C-25) , 28.6 (C-26) , 20.1 (C 
-27), 17.5 (C-28), 32.0 (C-29) , 15.7 (C-30)[] 

24 (S)-U D -5-O0-8-0 (3), 0000. CG; Heo; 
ESIMS (7) : 415 [M + H] ` ' H-NMR (400 MHz, CDC) ) 
64: 5.33 (1H, d, J=4.8Hz, H-6), 3.50 (1H, m, H-3), 
0.99 (3H, s, H-19), 0.97 -0.79 (12H, m), 0.67 (3H, s, 
H -18)[] ^ C-NMR (100 MHz, CDCI, ) 6c: 37.2 (C- 1), 31.6 
(C «29 71.7 (C-3), 42.2 (C-4), 140,7 (C-5), 121.7 (C 
-6), 31.8 (C- 7), 35.5 (C-8), 50.0 (C-9), 36.5 (C - 
10) , 21.0 (C- 11) , 39.7 (C-12), 42.2 (C- 13), 56.7 (C- 
14) , 24.2 (C-15) , 28.2 (C-16) , 56.0 (C- 17), 11.8 (C- 
18), 19.4 (C-19) , 36.1(C-20), 18.7 (C-21), 33.8 (C- 
22), 25.9 (C-23) , 45.7 (C-24) , 29.0 (C-25), 19.0 (C- 
26), 19.8 (C- 27), 23.0 (C-28), 11.9 (C-29)[] 

2x-Hydroxybetulinic acid (4), O O OU [] , Co Hi O, , 
ESIMS (7) : 473 [M+H]*'H-NMR; (400 MHz, CD, OD) 
64: 0.80, 0.90, 0.93, 0.98, 1.01, 1.69 (each 3H, s, 6X 
CH, ), 4.74 (1H, H-29a), 4.61 (1H, H-29b), 4.13 (1H, 
H-2), 3.67 (H-3)[] C-NMR (100MHz, CD; OD)6c : 47.1 
(C-1), 69.6 (C-2), 84.4 (C- 3), 39.3 (C-4), 52.1 (C- 
5), 18.4 (C-6), 34.3 (C-7), 40.8 (C-8), 50.0 (C-9), 
37.6 (C- 10), 21.1 (C- 11), 25.5 (C- 12), 38.3 (C- 13), 
42.5 (C- 14), 29.7 (C-15) , 32.3 (C- 16), 57.5 (C- 17), 
49.0 (C- 18), 46.6 (C- 19), 152.0 (C- 20), 30.6 (C- 21), 
37.2 (C-22), 16.5 (C-23), 28.4 (C-24), 15.9 (C « 25), 
17.3 (C-26), 14.6 (C- 27), 180.8 (C-28), 110.1 (C - 
29), 19.3 (C-30)[] 

Arjunolic acid (5), [] [] 00 . Cs Hs Os, ESIMS ( 9 
z): 511 [M+ Na] * ' H-NMR; (400 MHz, CDC, -CD,OD)6, : 


5.22 (1H, br s, H-12), 3.68 (1H, dt, J=9.6, 6.8 Hz, H 
-2), 3.47 (1H, d, J=10.8Hz, H-3), 3.29 (2H, m, H- 
23), 0.96 (3H, s, H- 27), 0.88 (3H, s, H-25), 0.85 
(3H, s, H-30), 0.82 (3H, s, H -29), 0.74 (3H, s, H- 
26), 0.71 (3H, s, H - 24)[] ` C-NMR (100 MHz, CDCL- 
CD,OD)6.: 45.8 (C- 1), 68.7 (C-2), 78.8 (C-3), 46.2 
(C-4), 48.6 (C- 5), 18.4 (C-6), 32.4 (C-7), 1.7 (C- 
8), 47.8 (C-9), 38.0 (C-10), 23.7 (C- 1D), 122.4 (C- 
12), 143.3 (C- 13) , 39.1 (C- 14), 27.0 (C- 15), 23.8 (C 
-16), 46.7 (C-17) , 41.1 (C- 18) , 445.8 (C- 19) , 30.6 (C 
-20) , 33.8 (C-21), 32.1 (C-22), 67.7 (0-23), 18.1 (€ 
-24), 17.2 (C-25), 17.1 (C -26), 26.1 (C-27), 181.2 
(C-28), 32.9 (C-29), 23.7 (C-30)[] 

N, 3X, 24-trihydroxyolean 12-en-28-oic acid (6), O Ü 
OO . CoHsO;, ESMS (fz): 511 [M+ Na] ` ' H-NMR; 
(400 MHz, DMSO- ds ) 6u: 5.16 (1H, br s, H-12), 4.41 
(1H, br.d, J=4.8Hz, H-2), 4.24 (1H, d, J= 4.48 Hz, 
H-3), 4.17 (2H, m, H- 23), 1.06 (3H, s, H-27), 0.9 
(3H, s, H- 25), 0.86 (3H, s, H-30), 0.86 (3H, s, H- 
29), 0.69 (3H, s, H-26), 0.52 (3H, s, H -24)[] " C-NMR 
(100 MHz, DMSO- d; ) 6. : 45.8 (C- 1), 67.4 (C-2), 75.4 
(C-3), 46.2 (C- 4), 48.6 (C- 5), 17.4 (C-6), 32.4 (C- 
7), 41.7 (C-8), 47.8 (C-9), 38.0 (C-10), 23.7 (C+ 
11), 121.5 (C- 12), 143.9 (C-13), 39.1 (C- 14), 27.0 (C 
-15), 23.8 (C- 16) , 46.7 (C- 17), 41.1 (C-18), 45.8 (C 
-19), 30.6 (C-20), 33.8 (C- 21), 32.1 (C-22), 63.8 (C 
-23), 13.1 (C-24) , 16.9 (C- 25), 16.7 (C-26), 26.1 (C 
-27), 178.6 (C-28), 32.9 (C-29), 23.7 (C-30)[] 

0000 «7).0000. GsHoQ , ESMS (7): 
321 [M+ H] ' H-NMR (400 MHz, Me, CO- d;) 64: 6.61 (2H, 
s, H-2,6),5.98 (IH, d, J22.5 Hz, H-6), 5.96 (1H, 
d, J=2.5 Hz, H-8), 4.9 (1H, d, J= 11.0 Hz, H-2), 
4.55 (1H, d, J= 11.0 Hz, H- 3)[] ` CNMR (100 MHz, 
Me; CO- d.)6c: 84.5 (C-2), 73.0 (C-3), 197.9 (C- 4), 
163.9 (C- 5), 95.9 (C- 6), 167.7 (C- 7), 96.9 (C- 8), 
164.7 (C-9), 101.3 (C- 10), 128.9 (C- I), 107.9 (C-2 ), 
146.1 (C-3 ), 134.0 (C-4 ), 146.1 (C-5 ), 107.9 (C- 6)[] 
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Table 1 Glucose consumption of compounds (1-8) in insulin-resistant L6 muscle cells 












































f (mmol L`!) 
concentration 
group 1d 
(ug ml!) - Ins (24 h) + Ins (48 h) 
CON — 12.06 + 0.05 5.27 € 0.64 
— 9.77= 0.13** 3.44 € 0.08* 
1.78 9.42+ 0.45 3.815 0.11 
3.57 10.14 X 0.31 4.83 + 0.48 
7.14 9.90+ 0.23 5.32x 1.04 ` 
14 .28 10.57 + 0.08 `° 5.84+ 1.57 ° 
1 0.01 9.64+ 0.19 4.36 X 1.20 
Compound 1 0.1 10.43 + 0.22 5.00+ 0.53 ` 
1 11.19 + 0.22 `° 3.95 + 0.33 
10 11.46 0.18 4.21 € 0.77 
2 0.01 10.10 0.16 3.70 + 0.09 
Compound 2 0.1 10.29 X 0.16 3.93 + 0.06" 
1 10.50+0.11 `° 4.80+ 1.10 
10 10.83+ 0.17 ` 4.63 + 0.75 
3 0.01 8.68+ 0.12” 3.15 =+ 1.09 
Compound 3 0.1 9.66+ 0.12 4.64 + 0.26 `° 
1 10.20 + 0.09 4.94+ 0.40 ` 
10 10.02+ 0.10 4.22 + 0.22 ° 
4 0.01 9.42+ 0.09 3.79 + 1.86 
xts, n=3, * P«0.05, # P«0.01, ( CON) 


xt s, n=3, 


* P<0.05, 


Ht 












































P «0.01, compare with CON; 




















































































































f (mmol L `! ) 
concentration 
group (ugml-1) — - Ins (24 h) + Ins (48 h) 
Compound 4 0.1 10.412 0.11" 4.07Xt 1.11 
1 10.194 0.11 4.304 0.22* 
10 10.023: 0.11 4.705 0.39* 
5 0.01 7.91 £0.22" 3.312: 0.26 
Compound 5 0.1 9.39 € 0.23 3.91: 0.18 
1 10.502: 0.78 4.213 0.62 
10 10.08 0.07 3.362 0.23 
6 0.01 9.21 0.16 4.102: 0.43 
Compound 6 0.1 10.33x 0.13 5.77+ 1.23 
1 10.30+ 0.16 4.55+ 0.50 
10 10.51+0.15 4.47+ 1.26 
7 0.01 9.26 + 0.09 “ 1.68+ 1.46 
Compound 7 0.1 10.08+0.12 3.64+ 0.01 
1 10.38+ 0.09 “ 4.18+ 0.52 
10 10.154 0.05 4.07+ 0.14" 
8 0.01 10.72+ 0.08 ° 3.74+ 0.26 
Compound 8 0.1 10.55+ 0.08" 5.21+ 0.44" 
1 10.67+ 0.09 ° 5.06+ 1.06 
10 10.394 0.08 ` 4.81+ 1.83 
> * P«0.05, " P«0.01, ( t-test) 




















` P«0.05, “° 




















































































































P <0.01, compare with t-test 
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